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We consider concatenated coding systems for deep 
space missions, and in particular we consider means to 
achieve an improved coding gain compared to the CCSDS 
recommended system which uses a (255,223) Reed- 
Solomon code over GF (256) as the outer code, and a con- 
volutional rate R=+  code with memory 6 as the inner code. 
Viterbi decoding i s  assumed and a block interleaver with 
interleaving degrees up to 8 IS used between the inner and 
outer stage. 
For the Galileo mission NASA (JPL) achieved an im- 
proved coding gain of 1.6 dB by exchanging the inner con- 
volutional (n,k,M)=(2,1,6) code with a (4,1,14) code, i.e. a 
code requiring 16,384 states in the decoder. 
We have achieved almost the same improvement 
with a (4,1,6) code, i.e. a code with state Complexity equal 
to the CCSDS recommended code. To achieve the im- 
proved gain we allow repeated decoding trials and the 
Reed Solomon codewords - which are used in a block 
interleaved structure - to have different numbers of infor- 
mation symbols although the overall number corresponds 
to the CCSDS recommended number. Furthermore we 
have selected a code with an improved fall-off at smal 
signal-to-noise ratios (SNR) at the expense of a small 
increase in bit-error-rates (BER) at higher SNR’s compared 
to other known (4,1,6) codes. 
The decoder operates as follows: In the first pass an 
ordinary Viterbi decoding is followed by an RS-decoding. 
For each RS-word the decoding can result in a decoding 
success, where the possible errors are corrected, or a 
decoding failure where errors are detected. In the second 
pass the Viterbi decoder is  forced to decode only se- 
quences that agree with the results from the RS-decoding 
successes. This tends to improve the decoding in such a 
way that more RS-decoding successes result in the second 
pass, in particular for codewords which are neighbours to 
already decoded codewords. The procedure is repeated 
until all RS-words are decoded or until no improvement is 
obtained in a pass. 
Forced sequence Viterbi decoding is an efficient 
method to improve the Viterbi decoding [I], and the actual 
reason for frame losses with ordinary CCSDS interleaving 
becomes the event that all RS-words in a frame result in 
decoding failures such that no second pass can be made. 
This situation i s  improved by the generalized RS-inter- 
leaving where some of the codewords have a greater error- 
correcting ability at the expense of some other codewords 
with a smaller error-correcting ability. Thus the optimization 
lies in achieving a ”balance” between the power of the 
forced sequence Viterbi decoding algorithm and the gene- 
ralized RS-interleaving. 
We sum up by concluding that we have achieved an 
improved coding gain of 1.5 dB compared to CCSDS re- 
commended system. Our improvement almost equals the 
improvement obtained by JPL for the Galileo mission, 
which was achieved using a very complex inner decoder. In 
contrast our improvement was achieved with a 64 state de- 
coder by 
1) Selecting an R=$ code with a very nice fall-off for 
small SNR. 
Using repeated, forced sequence Viterbi decoding and 
repeated RS decoding trials. 
2) 
3) Using generalized RS-interleaving without an overall 
complexity increase. 
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